To identify a safe entry point for needle insertion in patients with idiopathic carpal tunnel syndrome (CTS), cross-sectional images of the wrist MRI of 45 normal volunteers and 180 consecutive patients with idiopathic CTS were reviewed. Insertion of the needle from the five different entry points into the carpal tunnel was simulated by drawing a 1-pixel line, and the incidence of contact with the median nerve was compared. In the CTS patients, the lowest incidence was 3% when inserted at one-third of the length between the FCR and FCU tendons on the ulnar side at the level of the distal part of the distal radioulnar joint and 4% at the mid point between the palmaris longus tendona and the flexor carpi ulnaris tendon. It was greater in the advanced stage of CTS than the less severe CTS. We recommend those two entry points.
Introduction
Steroid injection into the carpal tunnel has been proved to provide temporary symptom relief in patients with carpal tunnel syndrome (CTS) [1] [2] [3] [4] [5] . This effect probably occurs through a decrease in the swelling of the hypertrophied synovial tissue within the carpal tunnel. This decrease in turn results in decompression of the median nerve and subsequent restoration of blood supply to the median nerve [2] .
It is widely accepted that injection into the carpal tunnel should be carefully performed for the following reasons: (1) inadvertent insertion of the needle could damage the median nerve fibers and (2) glucocorticoid agents administered via intraneural injection could have toxic effects on nerve function [6] [7] [8] [9] . Complications of carpal tunnel injection may be attributable to the following facts. Movement of the median nerve in patients with CTS is compromised as compared to that in normal individuals [10] . Thus, the chances of the nerve escaping needle piercing by sliding toward the ulnar or radial directions are low. Furthermore, proximal swelling of the median nerve at the entrance of the carpal tunnel is remarkable, especially in the advanced stages of the condition [11] .
Although many injection sites have been identified in previous studies [2, [12] [13] [14] [15] [16] [17] [18] [19] [20] , comparative studies have not been performed in patients with different stages of CTS. Furthermore, regardless of the entry portal, contact with the median nerve, even if unusual, is possible; in such a case, the needle should be retracted subcutaneously and either its direction changed or a new entry point sought. An appropriate insertion point would be the one through which there is minimum likelihood for contact with the median nerve and one that allows introduction of the needle from a wide range of angles. In this study, we used magnetic resonance imaging (MRI) to simulate the path of a needle inserted adjacent to or inside the carpal tunnel by using 5 different insertion points. We aimed to determine the entry point at which the possibility for contact with the median nerve was minimal and the introduction of the needle from the widest range of angles was possible, without any contact with the surrounding neurovascular bundles. 
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Materials and Methods
We retrospectively reviewed the cases of 45 normal volunteers without symptoms of CTS or any delay in median nerve conduction across the wrist and 180 consecutive patients with idiopathic CTS. MRI data of some of these volunteers have been reported elsewhere [11] . The mean (standard deviation) age of the normal volunteers was 48 (11) years, and that of the CTS patients was 60 (13) years. The CTS patients included 14 men, whereas all the volunteers comprised only women. Among the patients, 58 were deemed to have moderate CTS with motor distal latency (MDL) greater than 4.4 ms and sensory conduction velocity less than 44 m/s. Further, 74 patients were deemed to have severe CTS with delayed MDL and no sensory nerve action potential response. Finally, 48 patients were deemed to have extremely severe CTS with neither compound muscle action potential nor sensory nerve action potential in response to electrical stimuli delivered to the wrist. All the patients with extremely severe CTS exhibited severe thenar muscle atrophy with loss of the normal volar prominence of the muscle belly. MRI of the right wrist in the case of all the volunteers and of both the wrists in that of the patients was performed. The detailed MRI protocol has been previously described [11] . Each participant was asked to remain in a prone position with his/her arm extended over the head, the forearm and wrist in a neutral position, and the fingers extended. As per a recent protocol, the wrist is maintained in a different position. Further, the patients are asked to remain in a supine position with their forearms in a neutral position and their wrists slightly extended. Cross-sections at the level of the distal part of the distal radioulnar joint were used for entry points A, B, C, and D; one at the level of the pisiform was used for entry point E (Figure 1) .
Insertion of the needle from the following entry points into the carpal tunnel was simulated by drawing a 1-pixel line: A, through the flexor carpi radialis (FCR) tendon radially tilted at 45 degrees in the horizontal plane [18] , B, just ulnar to the palmaris longus (PL) tendon [2, 12, 14] and directed perpendicular to the horizontal plane C, at the midpoint between the ulnar edge of the PL tendon and the radial edge of the flexor carpi ulnaris (FCU) tendon [15] and perpendicular to the horizontal plane D, at one-third of the length between the ulnar edge of the FCR tendon and the radial edge of the FCU tendon from the FCU tendon and perpendicular to the horizontal plane E, at the level of the distal wrist crease in line with the fourth ray [16] and directed perpendicular to the horizontal plane (Figure 2) .
The incidence of contact with the median nerve was determined by drawing a line through each entry portal, and this incidence was compared between the patients with different stages of CTS and the normal volunteers by using Fisher's exact test. For the CTS patients, we determined the range of the angle at points from which the needle could be inserted into the carpal tunnel along the axial plane without damaging the neurovascular structures such as the median nerve, ulnar nerve, radial artery, or ulnar artery (Figure 2) . We compared this range among the insertion points and also among the patients with different stages of CTS by using paired or unpaired t-test. The data for entry point E were not available for normal individuals and were available for only 71 CTS patients who underwent MRI while in a supine position. Statistical significance was determined when the P value was less than 0.05.
The ethical committee of our institution approved the study protocol. Insertion point E has smaller angle than the other sites in any severities of the stage: P < 0.0001. Insertion point A has smaller angle than C or D in any severities of the stage: moderate and severe, P < 0.0001 extremely severe, P < 0.006. In insertion point C and D, extremely severe stage has smaller angle than the other stages. P < 0.0001.
Results
The incidence of contact with the median nerve when the needle was inserted at any of the 5 different entry points in the normal subjects and CTS patients was shown in Table 1 .
In the CTS patients, this incidence was 8%, 4%, 3%, and 11% when the needle was inserted from entry points A, C, D, and E, respectively, but 70% when inserted through B. Further, the likelihood of the needle making contact with the median nerve through entry point B was greater in the CTS patients than in the volunteers (P < 0.0001). In the case of the CTS patients, the chances of contact with the median nerve were higher when the needle was inserted from point D than from point A (P = 0.036). The chances of contact with the median nerve when the needle was inserted through C were higher in patients with severe CTS than in those with moderate CTS (P = 0.0209) ( Table 2) .
When the needle was inserted through point E, it made contact with the ulnar artery in 12 of 71 patients (20%).
Compared to point A, points C and D provided a wider range of angles over which the needle did not make contact with the neurovascular structures regardless of the severity of the CTS (P < 0.006) ( Table 3 ).
The range of angles over which the needle did not make contact with the neurovascular structures was greater in patients with extremely severe CTS than in those with moderate or severe CTS (P < 0.0001) ( Table 3) .
Representative results are shown in Figure 3 .
Discussion
This study revealed that when a needle was inserted through an entry point located at the midpoint between the PL and FCU tendons or at one-third of the length between the FCR and FCU tendons on the ulnar side, in the absence of the PL tendon, was less likely to make contact with the median nerve than when it was inserted through other entry portals at the distal part of the distal radioulnar joint level. Furthermore, the former entry points allowed a wider range of angles over which the needle could be inserted without damaging important structures. These entry points can be easily identified in daily clinical practice. In addition, the likelihood of contact with the median nerve when the needle was inserted through a point in line with the fourth ray at the pisiform level was similar to that observed in the case of the entry point located at the midpoint between the PL and FCU tendons or that at one-third of the length between the FCR and FCU tendons on the ulnar side; however, needle insertion at this point can damage the ulnar artery inside Guyon's canal. In either case, the possibility of the needle making contact with the median nerve does exist. To avoid injury of the median nerve, insertion at a more proximal site, for example, 3-4 cm proximal to the wrist crease, can be an alternative [17, 21] . Minamikawa et al. injected 2 mL of a dye at a point 3 cm proximal to the distal flexion crease of the wrist in freshly frozen cadaveric hands and found that a sufficient amount of the dye diffused into the carpal tunnel [22] . However, it is unclear whether this approach can be applied in the case of living patients with hypertrophied synovial tissue, which can preclude distal diffusion of the injected agent.
Some researchers recommend needle insertion through the FCR tendon because the chances of damage to the median nerve are minimal through this point [18] . However, our study revealed that a needle inserted through the FCR tendon can pierce the median nerve and that the range of angles over which this insertion is safe is not wide.
Recently, Smith et al. introduced a sonography-guided ulnar approach for needle insertion [23] . This approach enables needle insertion without any contact with the median nerve; however, employing sonography in a busy outpatient unit may not be feasible in most institutions.
If a patient experiences radiating pain during needle insertion, the needle should be retracted. In this case, an alternative path of needle insertion should be carefully identified, because the range of angles for a safe insertion is narrow even at the midpoint between the PL and FCU tendons or at one-third of the length between the FCR and FCU tendons on the ulnar side. Reinsertion through a different entry point, for example, through the FCR or more proximal insertion may be an alternative.
The present study is the first wherein the chances of a contact with the median nerve were determined using simulated needle insertion and wherein the different outcomes with different points of insertion were statistically compared. It should be noted that because the median nerve of the wrist may not be swollen in cadavers, we used images of CTS patients, which probably better reflected the cases in clinical settings [20, 24] .
A limitation of this study is that the position of the forearm or wrist may have affected the results to some extent because of variations in the position of the median nerve in relation to superficially located tendons such as the PL, FCR, or FCU. In this study, we performed a twodimensional analysis to assess the insertion angle. The chances of contact with the median nerve when the needle is inserted at an angle directed toward the sagittal and axial planes, as recommended by most previous investigators, remain unknown. However, we believe that the insertion of the needle along the sagittal or axial plane may not significantly affect the outcome, because the median nerve is located in superficial position around the level of the distal part of the distal radioulnar joint. The effect of the depth of needle insertion was not considered in this study.
Conflict of Interests
All named authors hereby declare that they have no conflict of interests to disclose.
